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Two Complementary Focal Areas for 
Microbiology at DUSEL 

Mine Microbiology 

Mine as habitat 

Deep Biosphere  

Mine as a window into the 
deep biosphere 

Snottite? 

Containment 
dam  

Iron rich  
biofilm  Valved borehole 

Photos from 8,000 ft. level, 2002, DPM 



Surface to Biosphere Limit Long-term 
Science Hole Transect 

Modified from Dave Bout 



Deep Biosphere Work  

Kidd Creek Mine, Ont., CA April-2009 9,300 ft bls 

Driefontein 9 Shaft, 3.2 kmbls 

Borehole BLM1 4,400 ft bls 



BLM-1 
 BLM-1 01F 
 BLM-1 11A 

 13651 U33455.1 Desulfotomaculum therm... 
 BLM-1 01G (7) 

 13916 AF053931.1 Desulfotomaculum put... 
 134122 DQ095862.1 Thermolithobacter c... 

 BLM-1 02E 
 187815 EF092457.2 Carboxydocella ferr... 

 BLM-1 10E 
 224884 EF422412.2 Dethiobacter alkali... 

 14132 AF016691.1 Acidaminobacter hydr... 
 211518 DQ981456.1 Bacillus circulans SB1 

 105240 AY598818-1 Paenibacillus phyll... 
 231817 EF585318-1 Paenibacillus sp- s... 

 BLM-1 11H 
 170591 DQ666175.1 Syntrophomonas wolf... 

 199060 EF060194.1 Moorella sp. str. An10 
 22146 AF343566.1 Thermaerobacter subt... 

 140841 CP000141.1 Carboxydothermus hy... 
 BLM-1 07A 

 259607 NC 010424.1 Candidatus Desulforudis audaxviator 
 BLM-1 09F (2) 

 BLM-1 05D (37) 
 BLM-1 07H 

 BLM-1 01C 
 BLM-1 01B (2) 
 BLM-1 06A 

 BLM-1 04D (5) 
 320868 NC 011296.1 Thermodesulfovibri... 

Firmicutes 

Nitrospirae 

0.02 

New Firmicutes Groups (BLM1) 



New Firmicutes Groups (South Afrifca) 

Gihring, T.M., D.P. Moser, L.-H. Lin, et al. 2006. The distribution of microbial taxa in the subsurface water of the 
Kalahari Shield, South Africa. Geomicrobiol. J. 23:415-430. 



Based on its rod-like morphology, its apparent use of the dissimilatory sulfate 
reduction pathway for energy production, and because of the journey this "audax 
viator" (bold traveler) undertook to live in the extreme depths of the Earth, we 
have named this organism "Candidatus Desulforudis audaxviator". 

Desulforudis audaxviator 

Chivian, D., E.J. Alm, E.L. Brodie, Science, 2008.  



Chivian, D., E.J. Alm, E.L. Brodie, Science, 2008.  



Radiological Environment at DUSEL 

Homestake data from Al Smith, LBNL, Modified from Rohit Salve 

Witwatersrand Supergroup 25 – 35 ppm U  



Exploratory holes on 8000 level of Homestake. From Homestake Vulcan, Courtesy of T.C. Onstott 

Existing Diamond-drilled Holes 



Old exploratory holes on 8000 level of Homestake 

Existing boreholes as windows 
into the subsurface biosphere? 

Existing Diamond-drilled Holes 



New Holes: Points for Discussion 

• Aseptic drilling? 
• Is this possible? 
• Drill cheap dirty holes and then disinfect or allow to “age”? 

• Drilling at pressure? 
• Can you get the core out while maintaining pressure? 

• Maintaining redox and salinity while drilling? 
• Hole development 

• Steel casings or plastics? 
• Recirculated fluids or unidirectional? 
• Artificial fractures w/synthetic groundwater? 
• Long-term downhole access  

• Location 
• Which rock types? 



• What type of hole? 
• Core hole or simple drill hole? 
• Would it be possible to maintain a sterile hole (e.g. abiotic 
control)?  

• Staged drilling? 
• Drill beyond zone of mine influence? 
• Grout/casing, permanent outlet infrastructure 
• Disinfect 
• Continue on with aseptic drilling 

New Holes: Points for Discussion 



Service water 

 Major source of introduced organisms. 

Primarily Proteobacteria: 
Comamonadaceae, Hydrogenophaga, Leptothrix, 

Alcaligenes, Nitrosomonas, Rhodobacter, etc. 

Drilling fluid 

Divergent from service water. 

Mostly Proteobacteria 
Comamonadaceae, Hydrogenophaga, 
Thiobacillus, Thauera, Pseudomonas, 
Acenitobacter, Alishewanella, etc. 

Borehole fluid, 1 hour: 

Most similar to the drilling fluid community. 

Introduced community overprints indigenous 
community. 

Primarily Proteobacteria 

Borehole fluid, 48 hours: 

Still primarily Proteobacteria 

Borehole fluids, 30 days: 

Drilling fluid and service water communities 
no longer detected. 

Desulfotomaculum and taxa deeply-branched 
Firmicutes appear. 

Borehole fluids, 70 days 

Population has stabilized. 

7 taxa closely-related to Desulfotomaculum 
and deeply-branched Firmicutes. 

drilling fluid 
borehole fluid, 1 hour 
borehole fluid, 48 hours 
borehole fluid, 30 days 

borehole fluid, 70 days 

service water 

unweighted arithmetic average clustering based on binary, 
presence/absence distance measures 

Bacteroidetes 

α-Proteo.

β-Proteo. 

γ-Proteo. 
Nitrospira 

OP11 
Firmicutes 

Synergistes 

Percent of clones 
100 60 20 

Bacterial 16S rDNA clone distribution 

Predictable community development in boreholes 



Stable Populations = Indigenous?   

Dec-98 

Feb-99 

Nov- 2001 

Nov-2002 



Microorganisms as Tracers?   



Microorganisms as Tracers?   

•  Fast flow path from surface 

• Seasonal pulse 

• Tailings pond 

•  Mine water between levels 

•  Expulsion of flood water 
  during dewatering 

•  Zones of subsurface 
  infiltration in water column of 6 
  shaft 

Data from J.C. Bruckner, DRI 



NTS Photo Library  

THMCB Microbiology Test V.1 



(DOE-cleared photo, J.C. Bruckner) 

Hot Well Sampling at NTS 



Conclusions 

• Existing holes are a huge opportunity  

• Careful thought needs to go into development of 
new holes and hole-associated infrastructure 

• BioGeo sciences at DUSEL will allow exploration of 
a major largely unaddressed terrestrial rock type  

Ultimate goal is a multi-decadal resource, unique in 
the world, enabling subsurface biogeochemical 
investigations from surface to lower biosphere limit 


